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DC TO DC CONVERTER WITH LOAD OPEN 
DETECTION AND RELATED METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a DC to DC converter and 

a related method thereof, and particularly relates to a DC to 
DC converter With load open detection and a related method 
thereof. 

2. Description of the Prior Art 
FIG. 1 is a circuit diagram illustrating a prior art LED 

driving circuit 100 for transforming an input voltage Vin to an 
output voltage Vol” according to desired luminance to drive a 
plurality of LEDs 101. As shoWn in FIG. 1, the LED driving 
circuit 100 comprises a dimming control circuit 103, a hys 
teresis comparator 105, a comparator 106, a control circuit 
107, an inverter 109, and a transforming circuit 120 compris 
ing a NMOS 111, an inductance 113, a diode 115 and a 
capacitor 119. The dimming control circuit 103 is used for 
generating a ?rst reference voltage Vrefl according to a sec 
ond reference voltage Vref2 and a dimming control voltage 
DCV, Which is used for adjusting the luminance of the LEDs 
101. The hysteresis comparator 105 is used for comparing the 
?rst reference voltage Vrefl and a feedback voltage VFB pro 
portional to the output voltage Vow to generate a comparing 
signal COS. As knoWn by persons skilled in the art, the 
hysteresis comparator 105 is used for limiting the feedback 
voltage VFB betWeen a region, instead of limiting the feed 
back voltage VFB to a speci?c value. Since the detail opera 
tion is Well known, the detail description of the hysteresis 
comparator 105 is omitted for brevity. In this case, a loading 
current IL ?oWs through the LEDs 101 and the resistor 117, 
therefore a voltage drop exists on the LEDs 101, and the 
feedback voltage VFB is generated accordingly. 

The control circuit 107 is used for generating a control 
signal CS. The inverter 109 is used for inverting the control 
signal CS to control the NMOS 111. If the feedback voltage 
VFB is loWer than the ?rst reference voltage Vre?, the control 
circuit 107 makes the transforming circuit 120 generate a 
higher output voltage VOL”. Similarly, if the feedback voltage 
V F5 is higher than the ?rst reference voltage Vre?, the control 
circuit 107 makes the transforming circuit 120 generate a 
loWer output voltage Vol”. Also, the hysteresis comparator 
105, the comparator 106, the control circuit 107 and the 
transforming circuit 120 can be regarded as a DC to DC 
converter. 

The comparator 106 is used for detecting a load open 
situation. If the circuit at the side of the LEDs 101 is open, the 
feedback voltage VFB is 0, so the comparator 106 Will com 
pare the feedback voltage VFB and a third reference voltage 
Vre?. If the feedback voltage VFB is loWer than the third 
reference voltage Vre?, the comparator 106 Will inform the 
control circuit 1 07 that a load open situation has occurred, and 
the control circuit 107 Will turn off the NMOS 111. The third 
reference voltage Vref3 is normally 0.1V. Such a mechanism 
has some disadvantages, hoWever. 

The control circuit 107 can be a sWitching circuit or a logic 
circuit such as an AND gate. In this case, When the LED 
driving circuit 100 operates normally, the control signal CS is 
equal to comparing signal COS. If the feedback voltage VFB 
is loWer than the third reference voltage Vre?, the comparator 
106 Will inform the control circuit 107 that a load open situ 
ation has occurred, the comparing signal COS can not pass 
through the control circuit 107, and the control signal CS Will 
keep on logic high level, thus the NMOS 111 Will be turned 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
off In other Words, the control circuit 107 Will turn off the 
NMOS 111 by blocking the comparing signal COS. 

FIG. 2 is a schematic diagram illustrating the relation of the 
?rst reference voltage Vre?, the second reference voltage 
Vre?, and the dimming control voltage DCV shoWn in FIG. 1. 
As shoWn in region A of FIG. 2, the ?rst reference voltage 
Vrefl is proportional to the dimming control voltage DCV if 
the dimming control voltage DCV is smaller than a threshold 
voltage Vth (for example, 3.5V). In region B, the ?rst refer 
ence voltage Vrefl is limited to the second reference voltage 
Vref2 if the dimming control voltage DCV is larger than a 
threshold voltage Vth. As described above, if the feedback 
voltage VFB is loWer than the third reference voltage Vre?, it 
is determined that the load open situation has occurred. HoW 
ever, if the ?rst reference voltage Vrefl determined by the 
dimming control voltage DCV in regionA is smaller than the 
third reference voltage level Vre?, a normal situation may be 
determined to be a load open situation. Thus, this system is 
subject to errors. 

SUMMARY OF THE INVENTION 

Therefore, one objective of the present invention is to pro 
vide a DC to DC converter to directly count the time for a load 
open situation to stop transforming an input voltage. 
One embodiment of the present invention discloses a DC to 

DC converter, Which comprises: a transforming circuit, for 
transforming an input voltage to an output voltage; a com 
parator, for comparing a reference voltage and a feedback 
voltage proportional to the output voltage to generate a com 
paring signal; a control circuit, coupled to the transforming 
circuit and the comparator, for controlling the transforming 
circuit according to the comparing signal; and a time-count 
ing device, coupled to the control circuit, for counting the 
time of a speci?c voltage level of the comparing signal; 
Wherein the time-counting device informs the control circuit 
that a load open situation occurs if the speci?c voltage level of 
the comparing signal lasts a predetermined time, then the 
control circuit turns off the transforming circuit. 

Another embodiment of the present invention discloses a 
load open detection method for a DC to DC converter com 
prising a transforming circuit for transforming an input volt 
age to an output voltage. The method comprises: (a) detecting 
a sWitching operation of the transforming circuit; and (b) 
determining a load open situation happened if the transform 
ing circuit is not sWitched for more than a predetermined 
time. 

According to the above-mentioned embodiment, since a 
contradiction betWeen the load open determination and nor 
mal operation does not exist, an erroneous determination of a 
load open situation Will not occur. 

These and other objectives of the present invention Will no 
doubt become obvious to those of ordinary skill in the art after 
reading the folloWing detailed description of the preferred 
embodiment that is illustrated in the various ?gures and draW 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram illustrating a prior art LED 
driving circuit 

FIG. 2 is a schematic diagram illustrating the relation of the 
?rst reference voltage, the second reference voltage, and the 
dimming control voltage shoWn in FIG. 1. 

FIG. 3 is a circuit diagram illustrating a DC to DC con 
ver‘ter according to an exemplary embodiment of the present 
invention. 
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FIG. 4 is a schematic diagram illustrating the counting 
operation of the DC to DC converter shoWn in FIG. 3. 

DETAILED DESCRIPTION 

Certain terms are used throughout the description and fol 
loWing claims to refer to particular components. As one 
skilled in the art Will appreciate, electronic equipment manu 
facturers may refer to a component by different names. This 
document does not intend to distinguish betWeen components 
that differ in name but not function. In the folloWing descrip 
tion and in the claims, the terms “include” and “comprise” are 
used in an open-ended fashion, and thus should be interpreted 
to mean “include, but not limited to . . . ”. Also, the term 

“couple” is intended to mean either an indirect or direct 
electrical connection. Accordingly, if one device is coupled to 
another device, that connection may be through a direct elec 
trical connection, or through an indirect electrical connection 
via other devices and connections. 

FIG. 3 is a circuit diagram illustrating a DC to DC con 
ver‘ter according to an exemplary embodiment of the present 
invention. As shoWn in FIG. 3, the comparator 106 shoWn in 
FIG. 1 is replaced With a time-counting device 306. The 
hysteresis comparator 105, the time-counting device 306, the 
control circuit 107 and the transforming circuit 120 constitute 
the DC to DC converter according to this embodiment of the 
present invention. 

The feedback voltage VFB is 0 in the load open situation, 
and the comparing signal COS Will maintain a speci?c volt 
age level correspondingly. In this embodiment, the time 
counting device 306 is a counter and the comparing signal 
COS is at a loW voltage level When the feedback voltage VFB 
is 0. Therefore the time-counting device 306 counts the loW 
voltage level time of the comparing signal COS according to 
an inner clock thereof, as shoWn in FIG. 4. The time-counting 
device 306 informs the control circuit 107 that a load open 
situation occurs if the loW voltage level of the comparing 
signal COS lasts a predetermined time, (for example, the 
mark X shoWn in FIG. 4), then the control circuit 107 turns off 
the NMOS 111 on the transforming circuit 120. 

It should be noted that the time-counting device 306 is not 
limited to count the loW voltage level of the comparing signal 
COS, the time-counting device 306 can also count the high 
voltage level of the comparing signal COS to determine if a 
load open situation happens. It also falls in the scope of the 
present invention. In other Words, the DC to DC converter 
according to an exemplary embodiment of the present inven 
tion can detect the sWitch operation of the NMOS 111 (in 
other Words the sWitch operation of the transforming circuit 
120), and if the NMOS 111 is not sWitched for more than a 
predetermined time, a load open situation is presumed to 
happened. Such application also falls in the scope of the 
present invention. 

In this embodiment, the transforming circuit 120 is the 
structure of a buck converter. The transforming circuit 120 
includes an NMOS 111, an inductance 113, a diode 115 and 
a capacitance 119. Any DC to DC converter structure can be 
adopted as the transforming circuit 120 of the present inven 
tion. Besides, transforming circuit comprising other devices 
should also be fall in the scope of the present invention, and 
other devices With the same function can replace the NMOS 
111 and diode 115. Additionally, the capacitance 119 can be 
omitted, if necessary. 
As described above, the hysteresis comparator 105, the 

comparator 106, the control circuit 107 and the transforming 
circuit 120 constitute a DC to DC converter. It should be 
noted, hoWever, that the DC to DC converter according to the 
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4 
embodiment of the present invention is not limited to be 
applied to light emitting devices such as an LED. The DC to 
DC converter can also be applied to other circuits or systems 
having loadings for detecting load open situations. Addition 
ally, the hysteresis comparator 105 can be a normal compara 
tor, if required. 

According to the above-mentioned embodiment, since a 
contradiction betWeen the load open determination and nor 
mal operation does not exist, an erroneous determination of 
an load open situation Will not occur. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device and method may 
be made While retaining the teachings of the invention. 
What is claimed is: 
1. A DC to DC converter, comprising: 
a transforming circuit, for transforming an input voltage to 

an output voltage; 
a comparator, for comparing a reference voltage and a 

feedback voltage proportional to an output current to 
generate a comparing signal; 

a control circuit, coupled to the transforming circuit and the 
comparator, for controlling the transforming circuit 
according to the comparing signal; and 

a time-counting device, coupled to the control circuit, for 
counting the time of a speci?c voltage level of the com 
paring signal; 

Wherein the time-counting device informs the control circuit 
that a load open situation occurs if the speci?c voltage level of 
the comparing signal lasts a predetermined time, then the 
control circuit turns off the transforming circuit. 

2. The DC to DC converter of claim 1, Wherein the time 
counting device is a counter. 

3. The DC to DC converter of claim 1, Wherein the output 
voltage is provided to one end of at least one light emitting 
device, and the feed back voltage is from the other end of the 
light emitting device. 

4. The DC to DC converter of claim 3, further comprising 
a dimming control circuit, for controlling the luminance of 
the light emitting device and for providing the reference volt 
age according to a desired luminance of the light emitting 
device. 

5. The DC to DC converter of claim 1, Wherein the trans 
forming circuit comprises a NMOS, a diode, an inductance 
and a capacitor. 

6. The DC to DC converter of claim 5, Wherein the DC to 
DC converter further comprises an inverter betWeen the con 
trol circuit and the transforming circuit. 

7. The DC to DC converter of claim 1, Wherein the trans 
forming circuit comprises a NMOS, a diode and an induc 
tance. 

8. The DC to DC converter of claim 7, Wherein the trans 
forming circuit further comprises a capacitor. 

9. The DC to DC converter of claim 1, Wherein the com 
parator is a hysteresis comparator. 

10. The DC to DC converter of claim 1, Wherein the spe 
ci?c voltage level of the comparing signal indicates that the 
output current is about Zero. 

11. The DC to DC converter of claim 10, Wherein the 
speci?c voltage level is 0 voltage. 
12.A load open detection method for a DC to DC converter 

comprising a transforming circuit for transforming an input 
voltage to an output voltage, comprising: 

(a) detecting a sWitching operation of the transforming 
circuit; 

(b) determining a load open situation happened if the trans 
forming circuit is not sWitched for more than a predeter 
mined time; 
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(c) determining the load open situation happened if a feed- voltage level of the comparing signal lasts more than the 
back voltage substantially maintains at a voltage level predetermined time. 
for the predetermined time, Wherein the feedback volt- 13. The method of claim 12, Wherein the transforming 
age represents an output current through a loading circuit comprises a NMOS, and the step (a) detects the 
device driven by the transforming circuit; 5 sWitching operation of the NMOS. 

(d) comparing a reference voltage and the feedback voltage 14- The method Of Claim 12, wherein the Voltage level is 
to generate a comparing signal; about 0 Voltaga _ _ _ 

(e) checking if the speci?c voltage level of the comparing 15' The method of clalmlz’ flmhér _C0mpr 15mg: _ 
Signal lasts more than the predetermined time; and turning' off the transforming c1rcu1t 1f the load open situa 

10 t1on1s determined. 
(f) determining that the transforming circuit is not sWitched 

for more than the predetermined time if the speci?c * * * * * 


